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摘  要 







用，因此保留 TZDs 类药物的胰岛素增敏效果而无其副作用的选择性 PPARγ 配
体是新型胰岛素增敏剂的发展方向。 
本文通过对化合物库进行筛选发现离子霉素 ionomycin是一种新型的PPARγ
配体，通过辅因子结合实验和报告基因检测实验说明 ionomycin 是 PPARγ 不完
全激动剂。通过对 PPARγ/ionomycin 复合物进行结晶、X 射线衍射、解析收集的
衍射数据，我们得到了 ionomycin 与 PPARγ 配体结合域的结构，从原子水平上
认识了两者结合的独特模式，并且阐明了 ionomycin 结合到 PPARγ LBD 的配体
结合口袋后诱导 PPARγ LBD 的构象变化。众所周知，rosiglitazone 是一种典型的
PPARγ 激动剂，通过比较我们发现 PPARγ/ionomycin 蛋白复合体的结构与
PPARγ/rosiglitazone 蛋白复合体的结构有着明显的区别。特别是 ionomycin 与
PPARγ 的转录激活域 2（Activation Function-2，AF-2)一个重要的位点之间的相
互作用比较弱，而在天然配体或者合成的 TZDs 与 PPARγ 的相互作用中在相应
的位置却存在较强的相互作用，这也使 ionomycin 诱导 PPARγ 的转录活性受到
影响，使 ionomycin 成为 PPARγ的不完全激动剂。 
我们的研究表明 ionomycin可以作为一个模板，通过对其化学结构进行优化，





















Peroxisome Proliferator Activated Receptor γ (PPARγ) is a member of nuclear 
receptor family, which plays a critical role in the physiological and pathological 
regulation of various biological activities, including metabolism, adipocyte 
differentiation, inflammation and atherosclerosis. The most prominent role of PPARγ 
is its contribution in improving insulin sensitivty upon binding to specific ligands. 
Therefore, PPARγ is one of the most popular molecular targets for anti-diabetic drugs 
research of the world. The first kind of insulin sensitisers is Thiazolidinedione (TZDs), 
which can significantly improve insulin sensitivity. However, TZDs also display 
severe side effects, giving rise to fluid retention, weight gain, liver toxicity and 
cardiovascular disease. Therefore, it is imperative to develop alternative PPARγ 
ligands that retain the benefits of TZDs in improving insulin resistance but that have 
reduced side effects. 
 
In this study, we found that ionomycin is a novel modulating ligand for PPARγ 
by high-throughput screening. Biochemical binding affinity assay and cell-based 
reporter assay were used to validate ionomycin as a partial agonist of PPARγ. To 
determine the binding characteristics of ionomycin to PPARγ, we solved the crystal 
structure of PPARγ complexed with ionomycin and SRC1-2 LXXLL motif. This 
structure revealed the unique binding mode of PPARγ/ionomycin complex at an 
atomic level and elucidated the conformational changes of PPARγ LBD induced by 
ionomycin binding. As known to all, rosiglitazone is a typical PPARγ agonist. 
Comparing the structures of PPARγ/ionomycin and PPARγ/rosiglitazone, we found 
some obvious differences. Especially, our structural observations indicated the loss of 
interactions between ionomycin and several residues on PPARγ, including one critical 
epitope on the activation function 2 (AF-2) helix that is used by both natural PPARγ 
















Our research showed that ionomycin can serve as a unique template. Based on 
the optimisation of its chemical structure, we can design a new type drug that is 
different from traditional TZDs while not only maintaining the efficacy, but also 
overcoming the adverse side effects of TZDs. In a nutshell, our findings together 
indicated that ionomycin is a significantly potential template for drug designing, and 
this research makes some contributions in the future application, structural and 
biological significance of ionomycin. 


























素受体（Glucocorticoid Receptor，GR）的 cDNA，与此同时 Pierre Chambon 和






通过全基因组测序发现人类共拥有 48 种核受体，可以分为三类，如表 1-1[7]
所示：经典的核受体(classic nuclear receptor)、“被领养的”孤儿核受体(adopted 
























核受体家族成员进行了系统的分类。规定用 NRxyz 来命名核受体，其中 NR 表
示核受体，x 表示核受体的亚家族，y 表示亚家族中的组别，z 表示组别中的成
员，其中 x、z 用阿拉伯数字表示，y 用英文字母表示。以过氧化物酶体增殖物
激活受体（Peroxysome Proliferator Activated Receptor，PPAR）为例，其三个亚
型分别表示为：NR1C1（PPARα）、NR1C2（PPARβ/δ）和 NR1C3（PPARγ）。 
表 1-1 核受体的分类 
Table 1-1  Classification of nuclear receptors 




































表示。如图 1-1 所示。核受体结构从 N 端到 C 端依次为 A/B 区域，C 区域，D
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